T he reliability of the radiological assessment of the healing of tibial fractures remains undetermined. We examined the inter-and intraobserver agreement of the healing of such fractures among four orthopaedic trauma surgeons who, on two separate occasions eight weeks apart, independently assessed the radiographs of 30 patients with fractures of the tibial shaft which had been treated by intramedullary fixation. The radiographs were selected from a database to represent fractures at various stages of healing. For each radiograph, the surgeon scored the degree of union, quantified the number of cortices bridged by callus or with a visible fracture line, described the extent and quality of the callus, and provided an overall rating of healing.
The interobserver chance-corrected agreement using a quadratically weighted kappa () There are no validated scales which allow surgeons to grade fracture healing radiologically. Among those examined, the number of cortices bridged by bone appears to be a reliable, and easily measured radiological variable to assess the healing of fractures after intramedullary fixation.
In order to be consistently useful, the interpretation of the healing of fractures from radiographs must be reproducible. The assessment of the healing of tibial fractures relies on serial radiological examinations with clinical correlation. Sarmiento et al 1 specified that for successful union in the tibia the following criteria must be observed: 1) the ability of the patient to bear weight painlessly; 2) the absence of clinically detectable movement at the site of the fracture; and 3) visible bridging callus across the fracture on plain radiography. Techniques other than plain radiography, such as radionucleide imaging, 2,3 CT, [4] [5] [6] The physician usually has only four cortices (without the intervening diaphyseal bone) on two orthogonal radiographs to evaluate the progression of healing of the fracture. To our knowledge, there are no published studies which examine agreement in the radiological assessment of the healing of tibial fractures. We have therefore studied interand intraobserver agreement among surgeons in their radiological assessment of the healing of a tibial fracture after intramedullary nailing.
Patients and Methods
Eligible patients included those who had: 1) diaphyseal fractures of the tibia; 2) treatment with statically locked intramedullary nails; and 3) a complete set of anteroposterior (AP) and lateral radiographs six months after operation. We excluded patients with multiple fractures of the tibia. We chose randomly from our institution's trauma database 30 sets of AP and lateral radiographs of fractures of the tibial shaft treated by intramedullary fixation. Our hypothesis was that radiographs from a variety of patients with closed and open fractures at six months would represent a distribution in which 20% of the fractures had healed (no visible fracture lines), 20% had not healed (obvious fracture lines), and 60% were in an indeterminate stage. After selection we confirmed that the radiographs represented fractures at various stages of healing.
Three orthopaedic trauma surgeons of similar experience and an orthopaedic trauma fellow independently viewed the radiographs on two separate occasions at a mean of eight weeks apart. They were not involved in the selection of the radiographs. Each surgeon was blinded to the others' interpretations of the films. The coded radiographs included no patient identifiers. One of us (DBW or MB) was present with each surgeon at the initial and eight-week assessment to ensure the standardisation of the study protocol such as the randomised assessment of radiographs and the blinding of the assessors to the patients' history and the age of the fracture.
Each surgeon marked each of the 30 sets of radiographs using a scoring sheet which included the criteria proposed by Hammer et al 15 ( Table I ). The observer assigned the film a grade from 1 (corresponding to a healed fracture) to 5 (corresponding to a fracture which is not healed) based on the amount and quality of callus as well as the presence or absence of a fracture line. Each surgeon then documented his overall rating of fracture healing (healed, probably healed, indeterminate, probably not healed, not healed), the extent and quality of callus (trace, moderate, massive and disorganised, massive and organised, homogeneous with remodelling), the number of cortices (out of four) with bridging callus, and the number of cortices with a visible fracture line.
The initial ratings of the four surgeons provided the basis for estimates of interobserver reliability. A second rating carried out at a mean of eight weeks (5 to 10) after the first provided the basis for estimates of intraobserver reliability. Since patients will be well served if different surgeons assessing the same patient arrive at similar conclusions about fracture healing, we focused on interobserver reliability as our primary assessment but we also examined intraobserver variability.
We chose chance-corrected agreement using a weighted kappa () value with quadratic weights to assess reliability. The value ranged from +1, with perfect agreement, to -1, which corresponds to absolute disagreement. A value of 0 represents an agreement no better than that which occurs by chance alone. Since multiple observers were involved in this study, the value was calculated according to the method described by Fleiss. 17 
Results
According to the criteria of Hammer et al, 15 Point estimates for intraobserver agreement values for the Hammer union scale, the overall impression of healing, and for the number of cortices bridged by callus were 0.76, 0.89 and 0.83, respectively (Table II) .
The surgeons' general assessment of fracture healing was highly correlated (r = 0.95, p < 0.01) with the responses of the radiological criteria of Hammer et al. 15 
Discussion
The difficulty in evaluating the healing of tibial fractures from plain radiographs has been discussed. 18, 19 The definition of radiological union is inconsistently reported and the degree of sophistication by which it is determined is also highly variable. Some investigations define radiological union based on a single parameter such as the presence of bridging callus on at least two views. 7, 13, 14 Several variables are consistently noted when considering radiological union, including the amount and quality of callus, the presence of bridging callus and of a fracture line, and the trabeculae which cross it. By using the most conservative estimates of agreement (i.e., the lower boundary of the 95% CI) we found that four orthopaedic trauma surgeons were moderately consistent in assessing the extent of fracture healing irrespective of whether they used the criteria of Hammer et al 15 (lower boundary = 0.52) or their general impression of fracture healing (lower boundary = 0.59). Substantial agreement occurred when surgeons recorded the number of cortices bridged by callus (lower boundary = 0.61). Although numerous investigations have considered bridging callus on two views as a definition of union, the number of cortices has not previously been used. The number of cortices bridged (from 0 to 4) lends itself well to the clinical setting of intramedullary fixation since the presence of the nail allows only the cortical detail to be assessed accurately. In studies which were designed to correlate the radiological appearance of fractures with the qualitative strength, Panjabi et al 12, 20 suggested that the best single predictor of strength is cortical continuity. Our findings of the high reliability of the assessment of the number of cortices bridged by callus supports its potential use in assessing fracture healing in the presence of an intramedullary nail. Our finding that the surgeons' general impression was as reliable as the radiological criteria of Hammer et al 15 also
raises questions about the need for any rating system beyond an overall assessment. The surgeons determined the Hammer criteria and the rating of cortices at the same time as they recorded their general impression. The overall rating may well have been influenced by the surgeons' prior assessment of fracture healing using the Hammer scale; had they made this in isolation, agreement may have been much lower. Moreover, the significant correlation (r = 0.95) between the Hammer criteria and the overall assessment of fracture healing suggests that those factors presented in the Hammer criteria are similar to those used by surgeons in their assessment of healing. It also lends further support to the possibility that the responses on the Hammer scale influenced the assessment of healing. Ultimately, any formal rating should not only provide additional information beyond an overall assessment but also, as Burstein 21 has suggested, it should have a direct relationship to the outcome. Much work has been done in recent years on interobserver reliability and the intraobserver reproducibility of previously accepted classification systems for fractures. [22] [23] [24] [25] The rationale for this scrutiny is to ensure that the information which these classification systems provide is reproducible. Ultimately, such a classification can be used in guiding treatment or indicating a prognosis with relatively predictable results. The same principle of ensuring reproducibility and reliability can be applied to other aspects of the management of fractures, especially the evaluation of healing. While our study involved trauma surgeons in a level-1 trauma centre, we believe the findings may be useful for non-trauma surgeons in a more general setting, as most fractures do not present to trauma centres and the most reliable indicator of union, the number of cortices bridged by callus, is also the most objective measure.
We recommend AP and lateral radiography of the tibia at each follow-up visit, with measurement of the number of cortices (0 to 4) bridged by callus, as the most reliable 
